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Metalliferous, hydrogen-storing material and process for its production. 
Description 

The invention relates to a metalliferous, hydrogen-storing material which contains a 
catalysing agent for its hydrogenation or dehydrogenation and to a process for the production 
of a metalliferous, hydrogen-storing material. 

A metalliferous material and a process of this type are known (DE-A-199 13 714). In the 
above-mentioned document, the storage of hydrogen by means of metal hydrides has been 
described. It is known that hydrogen as such is an ideal carrier of energy since water is 
formed exclusively on its re-conversion into energy. Hydrogen itself can be produced from 
water by means of electric energy. 

By means of this so to speak ideal energy carrier of hydrogen, it is possible to hydrogenate, 
i.e. to charge, a hydrogen storage with electrical energy at certain sites where it is produced, 
to transport it to other sites and to dehydrogenate it, i,e. to release it, where there is a 
requirement for energy and to utilise the energy being released for the desired purpose, water 
again being formed during the re-conversion. However, one problem still always arises when 
using hydrogen as energy carrier which, although having been provided with a solution 
suitable for many purposes, the solution path previously applied or offered being not yet 
satisfactory for certain purposes. 

When storing hydrogen by means of metal hydrides, as described in the above document, the 
hydrogen is chemically bonded and a corresponding metal hydride is formed. By supplying 
energy, i.e. by heating the metal, the hydrogen is liberated again such that the reaction is 
completely reversible. A disadvantage of storing hydrogen by means of a metal hydride is the 
relatively low rate of reaction which has led to storage times of several hours. In the case of 
the species-appropriate metalliferous, hydrogen storing material, a catalysing agent had been 
added in the form of a metal oxide in order to accelerate hydrogenation or dehydrogenation. 
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an extraordinarily high increase in the rate of reaction having been achieved during taking up 
and releasing, having led to fairly useful solutions for normal use in many cases of 
application. For certain cases of application, the species-appropriate metalliferous, hydrogen 
storing material containing a catalysing agent in the form of a metal oxide is still not yet 
sufficient with respect to any desured and/or necessary rate of reaction during the 
hydrogenation and dehydrogenation, particularly since catalysing agents based on nitrides, 
oxides and carbides reduce a weight-related storage capacity of the hydrogen-storing material 
as a result of the partly high densities. 

It is consequently the object of the present invention to create a metalliferous material such as 
a metal, a metal alloy, an intermetallic phase, composite materials of metals and 
corresponding hydrides by means of which the rate of reaction during hydrogenation and 
dehydrogenation is further substantially improved compared with the corresponding ability of 
such metals, metal alloys, intermetallic phases, composite materials of metals and of 
corresponding hydrides, even if these contain catalysing agents in the form of metal hydrides, 
such that these are utilisable also as energy storages in the case of which a very rapid energy 
uptake and/or energy release is important and/or an extremely rapid hydrogenation and 
dehydrogenation is possible, a process for the production of a metalliferous, water-storing 
material such as a metal, a metal alloy, an intermetallic phase and a composite material of 
these materials having to be simply and cost effectively feasible such that materials produced 
in this way can be used on an industrial scale in a cost effective manner as hydrogen storages 
in the case of which the technically very high rate of reaction is guaranteed during 
hydrogenation and dehydrogenation. 

With respect to the metalliferous, hydrogen-storing material, the object is achieved by the 
catalysing agent being a metal carbonate. 

In this context, the fact was put to use that, in comparison with pure metals, metal carbonates 
are brittle as a result of which an even smaller particle size than previously is achieved and an 
even more homogeneous distribution is achievable in the material according to the invention 
leading to the reaction kinetics being substantially increased compared with the use of 
metallic catalysing agents. A further essential advantage is the fact that metal carbonates can 
regularly be made available at much more advantageous prices than metals and/or metal 
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alloys such that the target, aimed at by the invention, of the storage materials according to the 
invention being made available inexpensively on an industrial scale, is achieved. 

The advantages of metal carbonates as catalysing agents in comparison with other catalysing 
agents consist also of more rapid kinetics being achievable than with all other catalysing 
agents, an improved ratio of activity to weight and, as mentioned above, a more cost effective 
provision than in the case of metals. 

According to an advantageous variation of the metalliferous material, the metal carbonate 
consists of mixtures of metal carbonates, i.e. it is possible in principle to use different metal 
carbonates as catalysing agents in the same metalliferous, hydrogen-storing material for 
certain applications, a further improvement in the reaction kinetics being achieved in the case 
of certain quantitatively afld qualitatively selectable mixtures. 

It is also advantageous for certain applications to allow the metal carbonate to consist of 
mixed carbonates of metals leading, in the case of certain qualitative and quantitative mixing 
ratios and mixing components, also to an increase in the reaction kinetics during 
hydrogenation and dehydrogenation of the hydrogen-storing material. 

It has been explained abovei that metal according to the meaning of the species of the 
hydrogen-storing material according to the invention is to include, in terms of concept, also 
metal alloys, intermetallic phases, composite materials of metals and corresponding hydrides. . 

Preferably, however, the metalliferous material is selected for certain applications in such a 
way that the metal carbonate is a carbonate of an elemental metal. In principle, moreover, the 
metal carbonates can preferably be the respective carbonate of the metals Li, Be, B, Na, Mg, 
Al, Si, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Cd, In, Sn, Cs, Ba, La, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Fr, Ra, Ce, Pr, 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, 
Fm, Md, No, Lw. 

However, it is also possible advantageously to select the metal carbonate in such a way that it 
is the carbonate of the metals or metal mixtures of the rare earths. 



According to a further advantageous other variation of the invention, the metal carbonate is 
formed by different metal carbonates of the same metal, special field of applications for the 
hydrogen-storing material being taken into consideration, in order to satisfy certain 
requirements regarding the desired reaction kinetics to be achieved. 

Finally, it is advantageous to provide the metalliferous material and/or the catalysing agent 
with a nanocrystalline structure, as a result of which it is possible to again increase the rate of 
reaction of hydrogenation and/or dehydrogenation of the metalliferous, hydrogen-storing 
material. 

The process for the production of a metalliferous, hydrogen-storing material for achieving the 
above-mentioned object which equally applies to the production process, is characterised in 
that the metalliferous material and/or the catalysing agent is/are subjected to a metal 
mechanical milling process. 

As a result, a powder is advantageously obtained from the metalliferous material and/or the 
catalysing agent in such a way that an optimised reaction surface and a highly advantageous 
defect structure is obtained in the volume of the hydrogen-storing material as a whole and a 
homogeneous distribution of the catalysing agent becomes possible therein. 

An advantageous variation of the process is obtained by carrying out the milling process as a 
function of the metalliferous material and/or the catalysing agent for different lengths of time 
such that, depending on the time length, the optimum surface desired for the hydrogen-storing 
material and the optimum distribution desired for the catalysing can be achieved therein. 
Milling of the catalysing agent and milling of the metalliferous material can be chosen for 
different lengths and is chosen in such a way that the degree of pulverisation of the 
metalliferous material is adjusted in an optimum maimer to the desired degree of 
pulverisation of the catalysing agent. 

According to a further advantageous variation of the process it is also possible for the 
metalliferous material to be subjected first to the milling process and subsequently, following 
the addition of the catalysing agent to it, for the milling process to be continued v/ith respect 
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to the metalliferous material and the catalysing agent, but it is also advantageously possible 
for the catalysing agent to be subjected to the milling process first and subsequently, 
following the addition of the metalliferous material to it, the milling process to be continued 
with respect to the catalysing agent and the metalliferous material. 



The different modifications of the process control described above are selected in each case as 
a function of the degree of pulverisation of the catalysing agent and the degree of 
pulverisation of the metalliferous material which is decisive for optimum possible reaction 
kinetics as a function of the metal chosen with respect to the suitable catalysing agent chosen 
for this purpose. 

However, it also needs to be pointed out that it is possible, in principle and within the scope 
of the invention that, advantageously, the metalliferous material and the catalysing agent are 
groimd jointly (fi-om the beginning) until the predetermined degree of pulverisation is 
achieved. 

The duration of the milling process which, again, can be selected as a function of the 
hydrogen-storing metal and as a function of the catalysing agent selected is situated, within 
the lower range, already in the range of a few minutes - as shown by experiments - in order 
to achieve optimimi reaction kinetics for a certain selection of the hydrogen-storing material 
and the catalysing agent. Preferably, the duration of the milling process is thus in the region 
of at least 1 min. up to a duration of 200 h. 

Thus particularly good reaction kinetics are possible, for example, with 20 h milling of a 
catalysing agent in the form of MnCOa. 

In order to prevent the metalliferous hydrogen-storing material and/or the catalysing agent 
from reacting, during the milling process, with the surrounding gas in which the milling 
process takes place, the milling process is advantageously carried out imder an inert gas 
atmosphere, the inert gas being preferably argon; however, it can also be nitrogen, in 
principle. However, it should be pointed out that, in principle, the process can also be carried 



out xmder an atmosphere of ambient air, depending on the type of the metal on which the 
metaUiferous material is based (according to the meaning of the above definition) and as a 
function of the catalysing agent chosen. Metal carbonates can also be produced in-situ by 
milling with organic solvents. 

The invention will now be explained in summary in further detail with reference to the two 
figures. In these 

Fig, 1 shows a comparison of the hydrogen absorption kinetics of magnesium with 1 mole% 
MnCOa with a milling time of 20 h and 1 mole% Cr203 with a milling time of 100 h 
at a temperature of 300^C and a hydrogen pressure of 8.4 bar and 

Fig. 2 shows a comparison of the hydrogen desorption kinetics of magnesium with 1 mole% 
MnCOs and a milling time of 20 h and 1 mole% Cr203 with a milling time of 100 h at 
a temperature of 300^C xmder vacuum. 

The metalliferous hydrogen-storing material is used as hydrogen storage which can be 
charged and discharged. The chemical-physical process of storing hydrogen consists of the 
hydrogenation of the material and the dehydrogenation during discharging. To accelerate 
hydrogenation and dehydrogenation, a metal carbonate is used as catalysing agent. The 
metalliferous, hydrogen-storing material is required in the powder form in order to have an 
extremely large reaction surface at one's disposal. The same applies in principle also to the 
catalysing agent in the form of the metal carbonate. The content of catalysing agent can be 
0.005 mole% to 20 mole%, for example. 

In order to have the actual metalliferous, hydrogen-storing material and/or the catalysing 
agent at hand in powder form, the catalysing agent and/or the metalliferous material is/are 
subjected to a mechanical milling process. 

With reference to Fig, 1, it can be seen that, by means of the catalysing agent according to the 
invention in the form of a metal carbonate, much more rapid hydrogen absorption kinetics can 
be achieved in the present case of the composition MnCOa than with the best oxydic catalysts 
used so far such as those described e.g. in DE-A-199 13 714 which goes back to the same 



applicant. The said metal-oxydic catalysing agents are used therein. In addition, a reversible 
storage capacity more than 20% higher is achieved as a result of the lower density of the 
catalysing agents according to the invention based on metal carbonates. Moreover, it is 
possible by means of the catalysing agent according to the invention based on metal 
carbonates to cany out the hydrogenation of the metalliferous, hydrogen-storing material at 
temperatures which are considerably lower in comparison with catalysed reactions based on 
catalysing agents of the metal-oxydic t>pe and reduced even more strongly in comparison 
with non-catalysed reactions. 
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Fig. 1 



Abscissa: Absorption time (s) 
Ordinate: Hydrogen content (% by weight) 
IMole % MnCOa - milled for 20 h 
IMole % Cr203 - milled for 100 h 



Fig. 2 



Abscissa: 
Ordinate: 



Desorption time (s) 

Hydrogen content (% by weight) 



